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(57) ABSTRACT 

The present invention relates to the provision of a modular 
control system for a glass forming machine. The glass 
forming machine control system comprises one central 
control unit (20) and one machine control unit (22), Which 
are connected via a high-speed data bus (32). The machine 
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MODULAR CONTROL SYSTEM FOR A GLASS 
FORMING MACHINE 

FIELD OF INVENTION 

[0001] The present invention relates to a control system 
for a glass forming machine, and in particular to a modular 
control system and related control method for a glass 
forming machine. 

BACKGROUND ART 

[0002] Over a long period of time, glass forming 
machines, e.g., of the IS type, have been used to produce 
suitable types of glass articles. Generally, control systems 
for such glass forming machines have a centraliZed archi 
tecture, Where peripheral units are connected to a single 
centraliZed control system. 

[0003] One such type of control systems is shoWn in FIG. 
1. 

[0004] As shoWn in FIG. 1, a glass forming machine 100 
divides into a plurality of sections 102, 104, 106, 108. The 
peripheral control unit of each such section is connected via 
dedicated cables 110, 112, 114, 116 to a central control unit 
118. 

[0005] The control system architecture shoWn in FIG. 1 is 
disadvantageous in that this centraliZed solution requires for 
each functionality—e.g., solenoid valve—a lead of a cable 
and further a commonly used return cable. Further, the lead 
is also used to supply energy necessary for operation of the 
solenoid valve. For usual applications, the distance of cable 
is 50 m or even more. As currents of approximately 350 mA 
?oW per solenoid valve, it is necessary to have an increased 
lead cross-section to reduce voltage drop, e.g., With a cable 
distance exceeding 50 m, a lead cross-section of 1 mm2. A 
typical number of lead per valve block cable amounts to 50, 
and therefore the cable Will have a diameter of approxi 
mately 30 mm. At the IS machine side, the cable Will in 
addition be protected With a ?exible steel armoured conduit, 
Which increases the diameter even more. 

[0006] To overcome these de?ciencies in EP 1 184 754 
A2, there is proposed a control system for a glass forming 
machine comprising a central control unit, a plurality of 
intelligent peripheral units, and a serial bus interposed 
betWeen the central control unit and the different intelligent 
peripheral units. While such an approach improves ?exibil 
ity at least to some extent, nevertheless, serious draWbacks 
remain. A?rst such draWback is that the provision of a serial 
bus imposes critical time restrictions for the transfer of data 
betWeen the central control unit and the peripheral units. Yet 
another restriction is that the division of functionality 
betWeen a peripheral unit being provided in relation to 
sections of the glass forming machine and a central control 
unit is maintained as shoWn in FIG. 1, Which severely 
restricts control system architecture ?exibility. 

SUMMARY OF INVENTION 

[0007] In vieW of the above, the object of the invention is 
to achieve modularity in a modular control system for a glass 
forming machine, both on a structural and functional level. 

[0008] Heretofore, according to the present invention, 
there is provided a modular control system for a glass 
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forming machine, comprising at least one central control 
unit, at least one machine control unit Which is connected to 
the central control unit via a high speed data bus. Further, the 
modular control system comprises a plurality of peripheral 
control units again being connected to the machine control 
unit through related high speed data buses. The machine 
control unit is adapted to distribute control signals and 
related control information received via the high speed data 
bus to the plurality of peripheral control units, preferably in 
real time. 

[0009] An important advantage of the present invention is 
that it overcomes the restriction on control system architec 
ture previously being knoWn through introduction of a 
control system sub-unit on the machine level. In other 
Words, the present invention must no longer rely on a 
division of functionality betWeen a centraliZed control unit 
and peripheral units, but alloWs for introduction of interme 
diate level control units like the machine control unit to 
optimiZe modularity of the system, both on a functional and 
a structural level. 

[0010] In other Words, an extension of a glass forming 
machine and the related control system may easily be 
achieved just by adding further peripheral control units. 

[0011] It should be noted that the star topology used for the 
present modular control system, i.e., a star connection for 
the central control unit to the at least one machine control 
unit, and further related star connections from the machine 
control unit to related peripheral control units, is perfectly 
adapted to support modularity When extending installed 
glass forming machines and related control systems. 

[0012] Typically, the realiZed bus system Will be operated 
in a serial manner Where information—Which is requested in 
parallel per se at the peripheral control unit—is provided 
through time division multiple access in a serial manner via 
the bus. Each such serial bus Will transmit requested infor 
mation in a time multiplexed manner using only one lead. As 
peripheral units Will draW only a very small current, there 
Will be a very small voltage drop also in case the cross 
section of the leads in the serial bus system is reduced. As 
driver units requested for operation of the peripheral units 
are arranged in close proximity to the related peripheral 
units, the energy necessary for operation of these units may 
be provided separately—i.e., not via the bus system—to 
achieve improved handling capability. 

[0013] According to another preferred embodiment of the 
present invention, at least one peripheral control unit is 
integrated into a housing being attachable to a device being 
controlled by the peripheral control unit. 

[0014] An important advantage of this preferred embodi 
ment of the present invention is that space being available 
anyWay in housings provided for, e.g., connectors being 
attachable to valve blocks, is used to accommodate sub 
components of the modular control system. This achieves, 
?rstly, avoidance of extra housings and therefore cost sav 
ings and, secondly, the provision of peripheral control units 
in the immediate neighbourhood of those actuators/sensors 
Which are controlled thereby. 

[0015] According to another preferred embodiment, at 
least one peripheral control unit controls at least one periph 
eral driver unit. Preferably, the peripheral driver unit com 
prises a measurement unit adapted to measure a current 
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?owing into a peripheral unit driven by the peripheral driver 
unit. Alternatively, the measurement unit may be adapted to 
measure a voltage applied across the peripheral unit. Further, 
the measurement unit may measure an analogue value of 
current and/or voltage and/or determine a measurement 
classi?cation, e.g., high value, correct value, loW value. 

[0016] An important advantage of this preferred embodi 
ment of the present invention is the generation of failure 
information for immediate response to a failure case. Fur 
ther, the provision of a measurement unit alloWs for an 
automiZed shut doWn on occurrence of a failure situation in 
the modular control system Without intervention of the 
operator of the glass forming machine. 

[0017] An other important advantage is the option to 
provide quali?ed information on a failure situation at a 
operator console of the glass forming machine in support of 
failure corrective action. 

[0018] According to another preferred embodiment of the 
present invention, the machine control unit comprises a 
maintenance stop unit adapted to process security related 
signals in an autonomous manner in vieW of safety speci 
?cations. 

[0019] A ?rst advantage of this embodiment is that secu 
rity related functionality and information is handled using 
the bus system. This alloWs to facilitate Wiring and the 
eXchange of security related signal information to corre 
sponding control units in the system. In particular, this 
preferred embodiment of the present is Well suited to glass 
forming machines having a plurality of sections, Where each 
section has its oWn service panel With lamps, keys, and 
sWitches, e.g., maintenance stop keys. Here, contrary to 
knoWn solutions relying on an electromagnetic link betWeen 
the maintenance stop key and the system sub-unit handling 
the maintenance stop signal and in addition to that on a 
closed circuit current being Wired in parallel, the present 
invention achieves a much more ef?cient bus based coupling 
of the maintenance stop key to the related control system 
sub-units on the basis on a bus based integrated system 
approach. 
[0020] Another advantage is achieved When the mainte 
nance stop unit is combined With the measurement unit 
explained above, as then the handling of a failure situation 
may be completely effected autonomously in the machine 
control unit Without intervention of the central control unit. 
Firstly, local processing means reduce delay time for secu 
rity related data transmission, and thus increase security. 
Secondly, the processing load on the central control unit is 
reduced, therefore achieving a further reduction of process 
ing load and required transmission bandWidth. It should be 
noted that only the modular architecture of the control 
system outlined above alloWs for such advantages regarding 
local processing of information. 

[0021] According to a further preferred embodiment, the 
maintenance stop unit is adapted to receive security related 
signals via different input channels for redundant processing 
using parallel hardWare. 

[0022] The duplication of hardWare for the maintenance 
stop unit increases the security level of the modular control 
system. Further, the provision of different input channels— 
Which need not necessarily be operated according to the 
same protocol as the data bus provided betWeen the different 
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sub-components of the modular control system—alloWs for 
optimal adaptation to security related issues Within the 
modular control system. 

[0023] According to another preferred embodiment of the 
present invention, the modular control system comprises at 
least tWo processing units in the central control units Which 
are connected via a local area netWork. Preferably, While all 
processing units use a common display unit, the system 
behaviour at the display unit is independent of the actual 
number of processing units. 

[0024] The major advantage of this preferred embodiment 
is that modularity is not only achieved With respect to the 
overall architecture of the control system, but also on the 
different levels of hierarchy in the architecture, in this case 
the highest level. Depending on the processing requirements 
imposed on the central control unit, it is possible to easily 
eXtend processing capabilities. 

[0025] According to another preferred embodiment, dif 
ferent components of the central control unit are accommo 
dated in a multifunctional rack. Preferably, the multifunc 
tional rack is adapted to accommodate a valve driver unit, an 
analog output unit, a binary input unit, or a central process 
ing unit, Whichever is suitable. 

[0026] An important advantage of this preferred embodi 
ment is that at the time of setup of the modular control 
system, it is not necessary to assign the rack for all com 
ponents on the central hierarchy level in advance. Assuming 
that a multifunctional rack has a suf?cient number of plug-in 
positions, it is possible to easily eXtend functionality of the 
modular control system of the glass forming machine simply 
by adding further plug-in components carrying processing 
units, valve drivers, analog outputs, binary inputs, etc. 

[0027] Yet another preferred embodiment of the present 
invention is related to achieve interfacing betWeen the 
modular control system and a programmable logic control 
ler. Preferably, there are provided virtual outputs to the 
programmable logic controller for forWarding internal state 
information of the modular control system to the program 
mable logic controller, and also preferably, virtual inputs for 
input of control command from the programmable logic 
controller to the modular control system. 

[0028] An important advantage of these preferred embodi 
ments of the present invention is that the operation of the 
modular control system may be in?uenced by a program 
mable logic controller such that the program of the pro 
grammable logic controller need not be familiar With the 
particularities of the modular control system. In other Words, 
modularity is not only achieved on a structural level but also 
on a functional level such as function of the modular control 
system and operation of the programmable logic controller, 
respectively. 

[0029] According to yet another preferred embodiment of 
the present invention, the machine control unit and/or each 
peripheral control unit may be realiZed in dedicated hard 
Ware. 

[0030] A main advantage of using dedicated hardWare is 
that the use of freely programmable logic arrays instead of 
micro-controller systems alloWs for signi?cantly increased 
fail safety, Which is of particular importance in vieW of the 
arrangement of the peripheral control units in close proX 
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imity to the peripheral units like solenoid valves. Also, 
processing Within the dedicated hardWare may be achieved 
in parallel and therefore With a much higher speed. 

[0031] Another advantage of this preferred embodiment is 
that space requirements—in particular in vieW of the pro 
vision of circuitry in a housing such as a connector hous 
ing—are minimiZed. 

[0032] A further preferred embodiment of the present 
invention relates to a method of controlling a glass forming 
machine having an operating cycle dividing into a plurality 
of operating sub-cycles. The method comprises the steps of 
issuing a plurality of commands from a central control unit 
to at least one peripheral unit in sequence during each 
operating sub-cycle and collecting feedback information 
during at least one operating sub-cycle and determining on 
control for the neXt sub-cycle in dependence of the feedback 
information. 

[0033] Therefore, according to the present invention it is 
proposed for the ?rst time to achieve control of a glass 
forming machine using feedback information from the pro 
cess to eXtend sequence functionality. TWo major advantages 
are increase of operation speed and the option to intervene 
With the glass forming process. The reason for the ?rst 
advantage is that usually a security time slot provided in 
previous systems may be avoided as feedback on achieve 
ment of a certain job controlled by the control system alloWs 
to initiate the subsequent instruction Without delay. The 
reason for the second advantage is that the provision of 
feedback information alloWs to identify situations Where the 
operator of the glass forming machine may Wish to intervene 
With the glass forming process. 

[0034] Further, it should be noted that the inventive 
method described so far may be applied to any manufactur 
ing process having an operating cycle dividing into a plu 
rality of operating sub-cycles, i.e., in correspondence With 
other product-forming contexts. Segments of a previously 
closed operating cycle are generally freely de?nable via an 
interface for con?guring the manufacturing system. In par 
ticular, such an interface functionality should alloW for a 
de?nition of sub-cycles of the operating cycles and the 
relation of such sub-cycles to different sub-steps in the 
overall operating cycle. 

[0035] According to another preferred embodiment of the 
present invention there is provided a computer program 
product directly loadable into the internal memory of at least 
one processor comprising softWare code portions for per 
forming the inventive method When the product is run on a 
processor, e.g., of the central control unit, the machine 
control unit, and/or the peripheral control unit of a modular 
glass forming machine control system. 

[0036] Therefore, the present invention is also provided to 
achieve an implementation of the inventive method steps on 
computer or processor systems. In conclusion, such imple 
mentation leads to the provision of computer program 
products for use With a computer system or more speci?cally 
a processor comprised in, e.g., a modular glass forming 
machine control system. 

[0037] This program de?ning the functions of the present 
invention can be delivered to a computer/processor in many 
forms, including, but not limited to information permanently 
stored on non-Writable storage media, e.g., read only 
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memory devices such as ROM or CD ROM discs readable 
by processors or computer I/O attachments; information 
stored on Writable storage media, i.e. ?oppy discs and 
harddrives; or information convey to a computer/processor 
through communication media such as netWork and/or Inter 
net and/or telephone netWorks via modems or other interface 
devices. It should be understood that such media, When 
carrying processor readable instructions implementing the 
inventive concept represent alternate embodiments of the 
present invention. 

BRIEF DESCRIPTION OF DRAWING 

[0038] In the folloWing, preferred embodiments of the 
present invention Will be described With respect to the 
draWing; in Which 

[0039] FIG. 1 shoWs a centraliZed control system for a 
glass forming machine according to the state of the art; 

[0040] FIG. 2 shoWs a modular, decentraliZed control 
system for a glass forming machine according to the present 
invention; 
[0041] FIG. 3 shoWs a schematic diagram of the decen 
traliZed control system as shoWn in FIG. 2; 

[0042] FIG. 4 shoWs a further detailed schematic diagram 
for the decentraliZed control system shoWn in FIG. 3; 

[0043] FIG. 5 shoWs a connector housing accommodating 
electronic circuitry according to the present invention; 

[0044] FIG. 6 shoWs a diagram illustrating a method of 
controlling a glass forming machine according to the present 
invention; and 

[0045] FIG. 7 shoWs a table illustrating different varia 
tions of the method shoWn in FIG. 6. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0046] In the folloWing, preferred embodiments of the 
present invention Will be described With reference to the 
draWing. Here, it should be noted that While different 
embodiments and related features are described With refer 
ence to speci?c ?gures of the draWing, nevertheless, all 
these features may be easily combined to provide further 
variations and modi?cations of the present invention. 

[0047] FIG. 2 shoWs an architecture of a modular, decen 
traliZed control system for a glass forming machine accord 
ing to the present invention. 

[0048] As shoWn in FIG. 2, a glass forming machine 10 
divides into a plurality of sections 12, 14, 16, and 18. It 
should be noted that While in FIGS. 2 and 4 such sections 
are shoWn, in general the number of sections may be freely 
determined considering application requirements. 

[0049] As also shoWn in FIG. 2, there is provided a 
modular control system for control of operation of the glass 
forming machine 10. The modular control system comprises 
a central control unit 20, a machine control unit 22, and a 
plurality of peripheral control units 24, 26, 28, and 30 in 
relation to the different sections 12, 14, 16, and 18 of the 
glass forming machine, respectively. The central control unit 
20 is connected to the machine control unit 22 via a high 
speed data bus 32. Further, the machine control unit 22 is 
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connected to the different peripheral control units 24, 26, 28, 
30 through high speed data buses 34, 36, 38, and 40, 
respectively. 

[0050] While FIG. 2 shoWs a single machine control unit 
in combination With a plurality of peripheral control units, it 
should be mentioned that according to the present invention 
also a plurality of machine control units may be attached to 
the central control unit for control of an increased number of 
sub-sections of the glass forming machine, e.g., an IS 
machine. 

[0051] Generally, the architecture outlined above With 
respect to FIG. 2 is using a hierarchy of control units—i.e., 
central control unit, at least one machine control unit, and a 
plurality of peripheral control units—together With a star 
connection topology for connecting both the central control 
unit to at least one machine control unit, and also the at least 
one machine control unit to sub-ordinate peripheral control 
units. 

[0052] It is this hierarchical concept that alloWs to achieve 
maximum ?exibility in design, maintenance, and extension 
of control systems for glass forming machines, as Will be 
explained in more detail in the folloWing. 

[0053] FIG. 3 shoWs a schematic diagram of the decen 
traliZed control system shoWn in FIG. 2. 

[0054] As shoWn in FIG. 3, the central control unit 20 
comprises a plurality of sub-units, i.e., at least one central 
processing unit CPU 42, and optionally a binary input 44 
and/or an analog output 46. The interface betWeen the 
central control unit 20 and the different machine control 
units 22-1, . . . , 22-n is achieved using a dual port memory 

(not shoWn in FIG. 3) Which may be integrated into each 
central processing unit CPU. The dual port memory is the 
linking element betWeen the control itself and a binary 
high-speed bus system, comprising a binary high-speed bus 
master also referred to as BHSB master and, e.g., being as 
Well integrated into each central processing unit CPU, 
further the binary high-speed bus 48, binary high-speed bus 
hubs in the machine control unit 22-1, . . . , 22-n (not shoWn 

in FIG. 3), and binary high-speed bus slaves like peripheral 
control units PCU and peripheral driver units PDU, the 
peripheral control unit having a digital input and an analog 
output. 

[0055] As shoWn in FIG. 3, one level of hierarchy in the 
modular control system is the level of machine control units 
22-1, . . . , 22-n explained in more detail in the folloWing. 

Each single machine control unit 22-1, . . . , 22-n is 

connected to a plurality of peripheral control units PCU via 
related binary high-speed buses. Further, each peripheral 
control unit PCU may again control the operation of a 
peripheral unit, e.g., an actuator, a sensor, or a combination 
thereof. 

[0056] It should be noted that each machine control unit 
22-1, 22-n operates under control of the central control unit 
20 for control of the peripheral units. Therefore, the central 
control unit 20 must meet real time requirements that exist 
for the operation of the peripheral units. 

[0057] Options for units driven by a peripheral control unit 
are feeder and rotary tube motor, distributor and scissor 
assembly motor, conveyor motor, gob distributor as shear 
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assembly motor, servo units like servomotor, electronic 
scissor servomotor, pushermotor, inverter unit servomotor, 
or takeout servomotor. 

[0058] It should be noted that these are examples only and 
any other type may be connected to a peripheral control unit 
as long as its control is supported through the modular 
control system. 

[0059] As also shoWn in FIG. 3, the central control unit 20 
may be connected via a backend netWork 54—e.g., using 
TCP/IP to a remote computer system comprising a computer 
56 being linked to a database 58. Additionally, the central 
control unit may optionally be connected to a programmable 
logic controller 60 through the backend netWork 54. 

[0060] Operatively, the computer 56 may serve as com 
mon display unit for the different CPUs comprised in the 
central control unit 20. Further, the computer 56 may be 
used to set up control programs, store operative pro?les and 
related control data in the database 58. 

[0061] Of particular advantage is the interfacing betWeen 
the programmable logic controller 60 and the central control 
unit 20. For the exchange of data there are used so-called 
virtual outputs to the programmable logic controller 60, for 
forWarding internal state information of the modular control 
system to the programmable logic controller 60, and further 
virtual inputs for input of control commands from the 
programmable logic controller 60 to the modular control 
system. Here, it should be noted that the connection betWeen 
the central control unit and the programmable logic control 
ler 60 is achieved, e.g., via a ?eld bus system CANopen. The 
bene?t of this approach is that related functionalities are 
available Within the central processing unit(s) of the central 
control unit anyWay, and therefore no separate interface unit 
must be provided for. 

[0062] The important advantage of this approach is that 
operators being familiar With any type of programming 
language for the programmable logic controller may run the 
modular control system using the programmable logic con 
troller 60 Without the requirement to be familiar With 
particularities and the internal structure of the modular 
control system. The reason for this is that state information 
available internally in the modular control system may be 
processed by the programmable logic controller 60. 

[0063] Further operatively, the backend computer 56 and 
the related database 58 may be operated according to any 
prede?ned standard, e.g., a standard like SQL. Preferably, 
one Would apply this standard SQL using only a sub-set of 
instructions so as to achieve interoperability betWeen dif 
ferent database providers. Further, the TCP/IP standard used 
for the backend netWork 54 is particularly suited to achieve 
a supervisory infrastructure on top of a plurality of modular 
control systems and also remote maintenance and surveil 
lance/controlling. 

[0064] Afurther aspect of the decentraliZed control system 
is the accommodation of different sub-units of the central 
control unit 20—i.e., the central processing units, optionally 
the binary input and the analog output—into a multifunc 
tional rack. 

[0065] In other Words, the multifunctional rack (not shoWn 
in FIG. 3) accommodates sub-units of the central control 
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unit like the central processing unit 42, the binary input 44 
or the analog output signal 46 as plug-in units into the 
multifunctional rack. 

[0066] Heretofore, all plug-in units—irrespective of the 
functionality implemented thereon—folloW the same con 
nector de?nition. After plug-in of the plug-in unit, there 
folloWs an arbitration process aiming at an exchange of 
addresses betWeen the different plug-in units for related 
communication, and further determination Which one of the 
plug-in units Will take the master roll and Which of the 
plug-in units Will be slave units to the master unit. 

[0067] While each plug-in unit folloWs the same connector 
de?nition, it should be noted that not every single plug-in 
unit must be activated for each single connector pin, but may 
also be operated using only a sub-set of such connector pins. 

[0068] Further, an important advantage is that the slot for 
the plug-in of a plug-in unit into the multifunctional rack is 
freely selectable and does not determine the subsequent 
operation of the plug-in unit as long as there are obeyed rules 
for determining Which of the plug-in units Will be the master 
unit, e.g., a central processing unit plug-in card situated at 
the most left slot of the multifunctional rack. 

[0069] Further, it should be noted that a plurality of 
multifunctional racks may be provided in case the number of 
plug-in units is increased to extend functionality. This again 
is an indication of consistent maintenance of the modularity 
concept underlying the present invention. 

[0070] Further, it should be noted that for exchange of data 
betWeen the central control unit 20 in each of the machine 
control units 22-1, . . . , 22-n and further betWeen each of the 

machine control units and a peripheral control unit any type 
of bi-directional data bus protocol may be used as long as the 
real time constraints existing for a data exchange betWeen 
the related sub-units are achieved. 

[0071] E.g., one may either use a proprietary protocol or 
the CAN and CANopen ?eld bus protocol for sensors/ 
actuators operating according to the related bandWidth of 
data exchange on the buses. 

[0072] Further, it should be noted that besides the imple 
mentation of the bus protocol, in particular the machine 
control unit 22-1, . . . , 22-n and the peripheral control unit 

PCU may be implemented using dedicated hardWare, e.g., 
ASIC technology, FPLA technology, or any other type of 
integrated circuitry. This is of particular advantage in mini 
miZing the space requirements for related sub-units of the 
modular control system and further for increasing operative 
speed thereof. Even more important, the use of dedicated 
hardWare also alloWs to increase the operating speed through 
parallel processing and to increase fail safety of imple 
mented control system sub-units. 

[0073] In the folloWing, further details of the machine 
control units and the peripheral control units Will be 
explained With reference to FIGS. 4 and 5. Heretofore, 
FIG. 4 shoWs a further detailed schematic diagram of the 
modular control system according to the present invention, 
and FIG. 5 shoWs a particularly advantageous arrangement 
of peripheral control units in a housing, e.g., a connector 
housing. 

[0074] As shoWn in FIG. 4, each machine control unit 20 
comprises a ?rst maintenance stop unit 62, a second main 
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tenance stop unit 64, maintenance stop relays 66, a valve 
driver poWer supply 68, and a binary high-speed bus hub 70. 

[0075] As shoWn in FIG. 4, the different maintenance stop 
units 62, 64 of the machine control unit 22 are connected to 
at least one section interface 72, 74, . . . , using a ?eld bus, 

e.g., a CANopen Bus 76. 

[0076] As also shoWn in FIG. 4, the hub unit 70 of the 
machine control unit 22 is connected to a plurality of 
peripheral control units PCU 78, 80, via a related binary 
high-speed bus 82, 84. Each peripheral control unit 78, 80 is 
adapted for exchange of control data With at least one 
peripheral drive unit 86-1, . . . , 86-3 and 88-1, . . . , 88-3, 

respectively, Which peripheral drives units PDU again are 
adapted to drive machine valve or interact With other periph 
eral units like actuators, sensors, etc. 

[0077] As also shoWn in FIG. 4, the peripheral control 
units 78, 80 are not only connected With the binary high 
speed bus hub 70 in the machine control unit, but also to a 
valve driver poWer supply unit 68 via related connections 90 
and 92 and the maintenance stop relays 66 provided Within 
the machine control unit 22. These further connections 90, 
92 alloW to provide the poWer necessary for the operation of 
the peripheral units such as machine valves and also to 
interrupt such a poWer supply When the maintenance stop 
relays 66 are activated through the section interfaces 72 
and/or 74 and the maintenance stop units 62 and/or 64. 

[0078] Operatively, the ?eld bus 76 alloWs to maintain a 
communication betWeen the maintenance stop units 62, 64 
and the section interfaces 72, 74 Without involvement of the 
central processing unit. This communication serves to check 
continuously the operativeness of the components being 
attached to the ?eld bus 76 via related section interfaces 72, 
74. Immediately upon detection of such non-operativeness, 
the maintenance stop unit 62, 64 Will interrupt the supply of 
poWer to any peripheral unit through de-activation of the 
maintenance stop relay 66. OtherWise, the release of the 
poWer supply requires also the provision of related control 
information through the central control unit via the binary 
high-speed bus 52. Without such indication, the peripheral 
driver units 86-1, . . . , 86-3 and 88-1, . . . , 88-3 Will not be 

able to drive a peripheral unit, e.g., machine valves. 

[0079] Further, the control command to the peripheral 
control units 78, 80 and therefore also to the peripheral 
driver units 86-1, . . . , 86-3 and 88-1, . . . , 88-3 and related 

valves, actuators, . . . are provided from the central control 

unit 20 to the machine control unit 22, are ampli?ed by the 
hub unit 70 of the machine control unit, and then distributed 
by the same hub unit 70 to the connected TCU/PDU 
combinations. 

[0080] Although not shoWn in FIG. 4, optionally a mea 
surement unit may be provided in at least one of the 
peripheral driver units 86-1, . . . , 86-3 shoWn in FIG. 4. This 

measurement unit may either measure a current ?oWing to a 
peripheral unit e.g., a machine valve—or alternatively a 
voltage applied across such a peripheral unit. Further, the 
measurement value may be provided in the form of an 
analog value or in the sense of a classi?ed value, e.g., Within 
operative range, above operative range, beloW operative 
range. The related measurement information Will then be 
re-directed to the modular timing system by the related 
peripheral control unit using the binary high-speed bus. 
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[0081] FIG. 5 shows a further detail being related to the 
realization of the peripheral control unit. 

[0082] As shoWn in FIG. 5, the functionality of the 
peripheral control unit may be provided on a printed circuit 
board 94, Which may then be accommodated into a housing 
96, e.g., a connector housing provided to attach a connection 
line for submission of control related information to actua 
tors in the glass forming machine. 

[0083] In other Words, according to the present invention 
it is proposed to use available space in hardWare components 
like housings provided at the glass forming machine for 
accommodation of circuitry implementing control function 
ality. This approach alloWs to further minimiZe space and to 
enhance modularity of the control system. 

[0084] Preferably, the housing 96 may be a connector 
housing Which is attachable to a valve block comprising a 
plurality of valves. Alternatively, a plurality of valves must 
not be arranged in a valve block, but may be over a 
prede?ned sub-space of the glass forming machine. 

[0085] In the folloWing, a further aspect of modular con 
trol of a glass forming machine on a functional level Will be 
described With respect to FIG. 6 and FIG. 7. 

[0086] Generally, it should be noted that the functionality 
described in the folloWing may be achieved using any type 
of programming language, preferably an operating system 
independent programming language, e.g., JAVA. 

[0087] As shoWn in FIG. 6, the method of controlling a 
glass forming machine according to the present invention 
divides an operating cycle C of the glass forming machine 
into a plurality of sub-cycles C1, . . . , Cn. In each sub-cycle 

at least one command is issued from the central control unit 
to at least one peripheral control unit in sequence to actuate 
different units in the glass forming machine during the 
production process. 

[0088] As shoWn in FIG. 6, the issuance of such com 
mands is triggered by pulses P. In dependence of the 
feedback data generated in the sense as described above With 
respect to FIG. 4, this feedback information may then be 
used for determination and control of the miXed sub-cycles. 

[0089] The advantages of this method of control for a 
glass forming machine are at least tWo-fold. Firstly, time 
slots implemented in previously eXisting sequences of con 
trol mechanism may be avoided When feedback on termi 
nation of different sub-steps of the production process are 
generated and considered through the method of control. 
This alloWs for a reduction of production process time. 
Secondly, the provision of feedback information alloWs to 
interact during the control of the production process so as to 
achieve an event-driven control mechanism. 

[0090] One eXample of the neW method of control as 
outlined above could be the transfer of a gob from parison 
side in an IS glass forming machine to the ?nished form side 
using neW electro-servo mechanisms Where the pass-time 
behaviour may be clearly described, contrary to classical 
pneumatic mechanisms. A condition for transfer is the 
opening of the parison form, Which otherWise Would block 
the transfer mechanism. With previously eXisting control 
methods, the approach Would be to open the parison form, 
and then to aWait lapse of a predetermined reaction time plus 
security time before start of the transfer action. To the 
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contrary, using sub-cycle based control methodology 
according to the present invention alloWs to insert a sensor 
type of mechanism for detecting the actual opening time of 
the parison form for subsequent setting free of the transfer 
mechanism in the neW sub-cycle of the overall operation 
cycle. This alloWs to save security time periods and to 
increase the overall control process. 

[0091] FIG. 7 shoWs a table illustrating variations of the 
method shoWn in FIG. 6. 

[0092] As shoWn in FIG. 7., the storage of feedback 
information may be either achieved in the central control 
unit, the at least one machine control unit, or the peripheral 
control unit (see lines S1 to S3 in FIG. 7). Further options 
are a selection of tWo sub-units according to S4 to S6 shoWn 
in FIG. 7, or alternatively the storage of feedback informa 
tion of all sub-units or, in other Words, on all levels of 
hierarchy in the modular control system. 

[0093] As shoWn in FIG. 7, similar options eXist for the 
processing of feedback information for command setup. A 
?rst option Would be to achieve this processing in the central 
control unit alone. Alternatively, the processing could be 
achieved in the central control unit and the machine control 
unit, further alternatively also in the peripheral control unit 
according to lines P1, P2, or P3 shoWn in FIG. 7. 

[0094] While above preferred embodiments of the present 
invention has been described With reference to the draWings, 
it should be noted that clearly all related features explained 
With respect to different embodiments may as Well be 
combined to arrive at further modi?cations and variations of 
the present invention. Therefore, the scope of the present 
invention is determined by the appended claims. 

1. Modular control system for a glass forming machine, 
comprising: 

at least one central control unit; 

at least one machine control unit being connected to the 
central control unit via a data bus; 

a plurality of peripheral control units being connected to 
the machine control unit via related data buses; Wherein 

the machine control unit is adapted to distribute control 
information received via the data bus to the plurality 
of peripheral control units in real time. 

2. Modular control system according to claim 1, charac 
teriZed in that at least one peripheral control unit is inte 
grated into a housing being attachable to a device being 
controlled by the peripheral control unit. 

3. Modular control system according to claim 2, charac 
teriZed in that the housing is attachable to a valve block 
Which comprises a plurality of valves. 

4. Modular control system according to one of the claims 
1 to 3, characteriZed in that at least one peripheral control 
unit is controlling at least one peripheral driver unit. 

5. Modular control system according to claim 4, charac 
teriZed in that a plurality of peripheral driver units is 
arranged Within a pre-de?ned sub-space of the glass forming 
machine. 

6. Modular control system according to claim 4 or 5, 
characteriZed in that the at least peripheral driver unit 
comprises a measurement unit adapted to measure a current 
?oWing into a peripheral unit being connected to the periph 
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eral control unit or to measure a voltage applied across a 
peripheral unit being connected to the peripheral control 
unit. 

7. Modular control system according to claim 6, charac 
teriZed in that the measurement unit is adapted to measure an 
analogue value and/or to determine a measurement classi 
?cation. 

8. Modular control system according to claim 6 or 7, 
characteriZed in that the measurement unit is adapted to 
monitor the current flowing into a valve in a valve block. 

9. Modular control system according to one of the claims 
1 to 8, characteriZed in that at least one peripheral control 
unit comprises an actuator, a sensor, or a combination 
thereof. 

10. Modular control system according to one of the claims 
1 to 9, characteriZed in that the machine control unit 
comprises a maintenance stop unit adapted to process secu 
rity related signals. 

11. Modular control system according to claim 10, char 
acteriZed in that the maintenance stop unit is adapted to 
receive security related signals via different input channels 
for redundant processing using parallel hardWare. 

12. Modular control system according to claim 10 or 11, 
characteriZed in that the maintenance stop unit is adapted to 
interrupt poWer supply to the peripheral driver units of the 
glass forming machine on occurrence of a system failure. 

13. Modular control system according to one of the claims 
1 to 12, characteriZed in that it comprises at least tWo central 
control units connected via a local area netWork, the central 
control units using a common display unit. 

14. Modular control system according to claim 13, char 
acteriZed in that the tWo central control units are accommo 
dated in at least one multifunctional rack. 

15. Modular control system according to claim 14, char 
acteriZed in that the multifunctional rack further accommo 
dates at least one plug-in unit selected from a group com 
prising a valve driver unit, an analogue output unit, a binary 
input unit, and a central control unit. 

16. Modular control system according to one of the claims 
1 to 15, characteriZed in that the central processing unit is 
further adapted to eXchange data With a programmable logic 
controller. 

17. Modular control system according to claim 16, char 
acteriZed in that eXchange of data is achieved via virtual 
outputs to the programmable logic controller for forWarding 
internal state information of the modular control system to 
the programmable logic controller. 
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18. Modular control system according to claim 16 or 17, 
characteriZed in that eXchange of data is achieved via virtual 
inputs for input of control commands from the program 
mable logic controller to the modular control system. 

19. Modular control system according to one of the claims 
5 to 18, characteriZed in that it comprises at least one 
CANopen ?eld bus adapted to connect sub-units of the 
modular control system. 

20. Modular control system according to one of the claims 
1 to 19, characteriZed in that at least one machine control 
unit and/or at least one peripheral control unit are realiZed in 
dedicated hardWare. 

21. Valve block connector for a valve block operated in 
combination With an glass forming machine, comprising: 

a housing; and 

a valve control unit being accommodated in the housing 
and adapted to control at least one valve of the valve 
block in response to a control signal supplied to the 
valve block connector. 

22. Valve block connector according to claim 21, char 
acteriZed in that the housing further accommodates a moni 
toring unit adapted to monitor an operation of at least one 
valve in the valve block for feedback of an operative state. 

23. Valve block connector according to claim 22, char 
acteriZed in that the monitoring unit is adapted to monitor a 
current flowing into the valve and/or a voltage applied 
across the valve. 

24. Method of controlling a glass forming machine having 
an operating cycle dividing into a plurality of operating 
sub-cycles, comprising the steps: 

issuing a plurality of commands from a central control 
unit to at least one peripheral unit in sequence during 
each operating sub-cycle; and 

collecting feedback information during at least one oper 
ating sub-cycle and determining on control for the neXt 
sub-cycle in dependence of the feedback information. 

25. Acomputer program product directly loadable into the 
internal memory of a mobile communication unit, compris 
ing softWare code portions for performing the steps of claim 
24, When the product is run on a processor of the mobile 
communication unit. 


